Introduction
There are a number of children who find great difficulty in accepting dental treatment, and some form of sedation is frequently recommended for successful treatment of such patients. Many sedatives have been tried but recently attention has again focused on nitrous oxide (Lindsay & Roberts 1977 , Hill & O'Muliane 1976 , O'Muliane et al. 1978 .
One of the objectives of this study was to determine whether or not inhalation of nitrous oxide in oxygen has a useful sedative effect in the dental treatment of anxious children. The preliminary findings are now reported.
Methods
Children were included in the study if they had been referred as management problems. So far 21 children between the ages of four and thirteen have been studied. They were randomly allocated to one of three groups (Table 1) . Each child attended three times, to be treated and monitored by the same team in the same surroundings. On the first visit, all children were examined and introduced to the dental and monitoring equipment but no child was given nitrous oxide. On the second and third visits dental treatment took place, the limits of which were controlled entirely by the operator. Patients in Group A received no sedation, nor did they breathe via a nasal mask. Patients in Groups Band C received nitrous oxide 10% and 50% alternately on visits two and three (Table  1) . These patients inhaled 50% oxygen irrespective of the nitrous oxide concentration, the balance being made up with nitrogen during administration of 10% nitrous oxide.
The gas mixtures were delivered at 6 llmin from a standard Quantiflex dental sedation machine. The machine was pre-set by the anaesthetist, who was the only team member to know the inspired nitrous oxide concentration. Thus within the 'sedation' groups the study was double blind and crossover.
An assessment of the degree of stress or sedation of each patient was made using three techniques: (l) independent observation -the children were observed for disruptive movements and expressions of anxiety by an experienced paediatric dentist who subsequently classified each patient on each visit as relaxed, minimally disruptive, very disruptive or uncontrollable; (2) heart rate -this was monitored continuously by means of a Doppler ultrasound probe over the radial artery; (3) the vasoconstrictive response to fear (Johnstone 1967 (Johnstone , 1976 ) -changes in this variable were followed with a miniature pulse volume plethysmograph placed on a thumb.
The child was seated in the operating chair and the monitoring equipment attached; monitoring continued throughout treatment. A two-minute period was allowed to provide baseline data, and after this those patients not receiving nitrous oxide began dental treatment. Those patients in the 'sedation' groups (visits 2 and 3) were also monitored for two minutes initially; they were then given nitrous oxide via a nasal mask for a seven-minute induction period before dentistry began. At the second and third visits examination, prophylaxis and ordinary treatment, including the use of local analgesia (4% prilocaine hydrochloride plain), were undertaken when possible.
Statistical analysis was performed where appropriate by means of Student's t test.
Results

Observation
In the non-sedation group (Group A), at the first visit, 5 children were evaluated as relaxed and 2 exhibited obtrusive movements. However, all children accepted the examination and prophylaxis. On the second visit, 5 children were considered relaxed. Four accepted a local analgesic and a permanent restoration. On the third visit, only 4 children were considered relaxed. All the children except one received a local analgesic and a permanent restoration.
In Group B (50%-10% nitrous oxide), 5 children were relaxed on their first visit, but all the children received an examination and prophylaxis. On the second visit, only 3 children were relaxed but 4 received local analgesia and a permanent restoration. (The treatment achieved in this group of '50%' children does not compare favourably with the Group C children when they received the 50% nitrous oxide.) On the third visit, when these children received 10% nitrous oxide, local analgesic was given to 6 of the children, and permanent fillings were placed in 5 patients.
In Group C (10%-50% nitrous oxide) 6 children were relaxed on the first visit. On the second visit only 2 children were apparently relaxed. Even so, local analgesia was given to all the children, 3 of whom received permanent fillings. On the third visit all the children accepted a local analgesic, infiltration and permanent fillings.
Physiological
In the unsedated group, injection of local analgesic caused the mean heart rate to increase by 12.5% (P < 0.05); the use of slow and fast drills also increased the rate but not to a statistically significant degree (Table 2) . At no time during nitrous oxide administration (10% or 50%) in Groups Band C was there any significant increase in heart rate. . Comparison of the changes in heart rate for each~a~mixture duri~g loc~l ana.lgesic Injection is shown in Figure 1 . The unsedated patients exhibited a tachycardia, whilst children receiving nitrous oxide 10% or 50% showed little change over the b~selin,e value. Betweengroup comparison showed that the change in the unsedated patients heart rates was significantly greater than that of either the 10% or 50% sedated children (P<O.Ol and <0.02 respectively). Similar comparisons between groups during use of the slow drill showed that .the heart r~te decreased in the nitrous oxide patients and increased in the unsedated patients. During (0), 10% nitrous oxide (.) and unsedated (e) patients administration of both 10% and 50% nitrous oxide the heart rate was significantly lower than in the unsedated children (P<O.Ol and <0.02 respectively) ( Figure 2 ). There was no significant difference between 10%and 50% nitrous oxide in its effect on the heart rate during injection of local analgesic or use of the slow drill.
The changes in heart rate during fast drilling followed a different pattern. The unsedated patients' heart rate increased, the 50% patients' heart rate decreased and the 10%nitrous oxide patients' heart rate remained near the baseline value (Figure 3) . The 50% nitrous oxide patients' heart rate was significantly lower than either the unsedated group (P<0.02) or the 10% nitrous oxide group (P<0.05).
Alteration in the peripheral vasoconstrictive response to fear with dentistry is documented for each gas mixture in Table 3 and presented graphically in figure 4. The treatment was divided into four phases: sedation before dentistry; dentistry before administration of local analgesic (early phase); following cavity preparation (late phase); and following completion of dentistry. The values at each phase were compared with the baseline value. Although finger blood flow increased throughout dentistry in the 10% nitrous oxide and unsedated patients (~nd!cating decreased peripheral vasoconstriction), only on completion was there any significant change from baseline. The patients who received 50% nitrous oxide, however, demonstrated an enormous and significant increase in finger blood flow throughout dentistry; the peripheral vasoconstriction had been abolished. 
Discussion
In this crossover study, each patient acted as his or her own control and the completely unsedated children were included for further comparison. In each of the three groups more treatment was accomplished on the third visit than on the second and it appears that familiarization of the patient with the equipment and operator is very important. Another factor here might well have been the operator's natural desire not to push the child too hard on the first treatment visit. Indeed, it seems that most anxious children will accept an examination and prophylaxis, but the experience of the operator is an important factor. Srp & Kominek (1963) , Messer (1977) and others have demonstrated a tachycardia in response to dental treatment, and Johnstone (1967 Johnstone ( , 1976 has shown that anxiety causes a peripheral vasoconstriction which is abolished by relief of anxiety. In these respects the unsedated children behaved as expected: dentistry increased their heart rate and the fear of treatment caused a profound vasoconstriction which only reversed on completion of treatment. In contrast, children inhaling 50% nitrous oxide did not exhibit a tachycardia nor were they peripherally vasoconstricted during treatment. It would seem, therefore, that 50% nitrous oxide reverses these manifestations of anxiety.
The same children breathing 10% nitrous oxide did have a marked vasoconstriction throughout treatment, indicating that they were indeed anxious. On the other hand their heart rate decreased with nitrous oxide and oxygen and increased only slightly with dental stimuli. The results for 10% nitrous oxide are therefore conflicting; they suggest the possibility of an anxiolytic action but more importantly indicate the need for further investigation.
Summary
This paper describes a double blind controlled comparison of 10% and 50% nitrous oxide in the sedation of children for dentistry. Both sedation groups compare favourably with a third group of unsedated children, in terms of heart rate changes occasioned by dentistry. However, 50%nitrous oxide was far superior to both 10%nitrous oxide and air when assessed by changes in the peripheral vasoconstrictive response to fear.
